Abstract We aimed to verify whether different levels of training performed regularly and voluntarily for many years could have an impact on one of the main issues of immunosenescence: the poor response to vaccines. We recruited 61 healthy elderly men (65-85 years old), 23 with a moderate training (MT) lifestyle (for 17.0± 3.2 years), 22 with an intense training (IT) lifestyle (for 25.9±3.4 years), and 16 without a training lifestyle (NT). Fitness was evaluated through the IPAQ and VO 2 max consumption. The participants were evaluated regarding cognitive aspects, nutritional status, depression, and quality of life. Antibody titers were determined by hemagglutination inhibition assay prior to influenza vaccination and at 6 weeks and 6 months post-vaccination. Strains used were B, H3N2, and H1N1. Our groups were matched for most characteristics, except for those directly influenced by their lifestyles, such as BMI, VO 2 max, and MET. In general, MT and IT elderly men showed significantly higher antibody titers to the three vaccine strains post-vaccination than NT elderly men. There were also higher titers against B and H1N1 strains in the trained groups before vaccination. Additionally, there were higher proportions of seroprotected (titers≥1:40) individuals in the pooled trained groups both at 6 weeks (B and H3N2, p < 0.05) and 6 months (H1N1, p <0.05; B, p=0.07). There were no significant differences between the MT and IT groups. Either a moderate or an intense training is associated with stronger and longstanding antibody responses to the influenza vaccine, resulting in higher percentages of seroprotected individuals.
Introduction
Immunosenescence refers to changes that affect the competence of the immune system with advancing age. Its etiology is multifactorial and reflects exposure to external pathogens, persistent viral infections, obesity, physical and psychological stress, and thymic involution among other events over an individual's life (de Araújo et al. 2013 ). Immunosenescence is a major cause of increased morbidity and early mortality (Larbi et al. 2008) and is characterized by changes in T cell subpopulations, reduced numbers of B cells, deficiencies in antibody isotype switching, and reduced ability to produce specific antibodies (Alam et al. 2013; Agarwal and Busse 2010) , all of which compromise immunization responsiveness (Weiskopf et al. 2009 ). Because of this compromise, influenza remains a significant cause of mortality among the elderly. Recently, regular physical activity has been proposed as a low-cost and potentially effective strategy to retard or prevent immunosenescence (Senchina and Kohut 2007) .
Several studies have suggested that regular exercise has a positive impact on the antibody response to the influenza vaccine in older adults (Grant et al. 2008; Keylock et al. 2007; Kohut et al. 2002 Kohut et al. , 2004 Schuler et al. 2003; Woods et al. 2009; Yang et al. 2007 ). However, the regular exercise protocols varied among the studies, from aerobic cardiovascular exercises to Taichi practices, thus making it difficult to establish which protocols were optimal (Pascoe et al. 2014) . It was concluded from these studies that the necessary volume and relative advantages of endurance and/or resistance training have not been adequately investigated. Moreover, most studies were supervised, 4 to 10 months interventional studies (Grant et al. 2008; Kohut et al. 2004; Woods et al. 2009; Yang et al. 2007) . Only three studies enrolled Bspontaneously^high-and low-fitness participants. The criteria used to define and measure fitness were also variable and included a self-reported assessment of physical activity recorded through phone interview (Kohut et al. 2002; Schuler et al. 2003) or VO 2 max consumption testing (Keylock et al. 2007) .
We thus aimed to verify whether different levels of exercise performed regularly and voluntarily for many years could have an impact on one of the main issues of immunosenescence: the poor response to vaccines.
Methods

Participants
This was a cross-sectional study involving 61 healthy elderly men (65-85 years). They were recruited mainly at runners' associations, sports clubs, community-based exercise programs for elderly, outpatient services, and the association of ex-functionaries of our institution. Exclusion criteria were the presence of co-morbidities that could interfere with the immune system (e.g., AIDS, cancer, rheumatoid arthritis, and uncontrolled diabetes mellitus), use of immunosuppressive drugs (e.g., corticosteroids), smoking habits, alcohol abuse, and lack of influenza vaccination in previous years. Participants underwent clinical evaluation by a physician (MTSM or LEGL) and answered the following questionnaires: global depression score (Yesavage et al. 1982) , Mini Nutritional Assessment (Vellas et al. 1999) , mini-mental state examination [MMSE] (Brucki et al. 2003) , and quality of life SF-36 (Ciconelli et al. 1999 ). There were 16 participants who had never trained (NT), 23 who moderately trained (MT), i.e., who practiced two or three times/week volleyball, basketball, or running (less than 6 km/training), and 22 who intensely trained (IT), who trained ≥5 days/week (>50 km/week). The trained elderly were recruited among those who underwent regular training over at least the last 5 years. The study was approved by the Hospital das Clínicas Review Board (#0135/11), and all participants signed an informed consent form. Blood sampling in the trained groups was conducted ≥48 h after the last training session and at least 1 week after participation in any competition. Fitness status was assessed through the International Physical Activity Questionnaire (IPAQ) and a treadmill VO 2 max consumption. The latter was done as previously described with modifications (SantosSilva et al. 2007) . Briefly, during the cardiopulmonary exercise testing, the individuals were monitored with a computerized electrocardiograph (HeartWare Instruments, Ergo 13, Belo Horizonte, Brazil), and heart rate was measured on the ECG recording (leads DI, DII, DIII, AVf, AVl, AVr, V1, V2, V3, V4, V5, V6) in rest, during exercise and recuperation phase at the end of each minute. The oxygen consumption (VȮ 2 ), carbon dioxide output (VCO 2 ), and minute ventilation (VĖ) were measured and analyzed by using a metabolic analyzer (CPX/D, MedGraphics, USA) (Milani et al. 2004 ). The exercise testing was performed in treadmill (hp/Pulsar, Cosmos, Germany). A modified version of the Heck stress test protocol was used (Heck et al. 1985) . (Kendal et al. 1982) . Viral concentrations were determined by hemagglutinin antigen titration, and the test was performed after removing naturally occurring, non-specific inhibitors from the sera, as described previously (Kendal et al. 1982) . Titration of antigen, serum treatment, and the preparation of chicken erythrocytes were carried out as recommended by the WHO (Webster et al. 2002) .
Statistical analysis
Statistical analysis was performed using SPSS-20.0 (IBM Corporation). A Kruskal-Wallis analysis with Dunn's post-test was used to compare non-parametric data from the three groups, and ANOVA with NewmanKeuls post-test was used for parametric data. The reciprocal HIA titers were log transformed (log 2 ) due to skewed distribution. Repeated-measures ANOVA was used to compare the antibody response within each group. The chi-square test was used to compare proportions of seroprotected subjects among the groups. Significance was set at p<0.05.
Results
Participant characteristics
A summary of participant characteristics is shown in Table 1 . All groups comprised independently living elderly men with positive self-perceived health, who performed their routine daily activities without difficulties. Fitness status, as assessed through both the IPAQ and VO 2 max, clearly distinguished the groups, in agreement with their reported lifestyles. Although the IT group was slightly older than the MT and NT groups, their mean ages were not significantly different. As expected, the IT group had the lowest BMI and highest metabolic equivalent score (METs). The MT group had a BMI comparable to that of the NT group but significantly higher METs. The average length of regular training reported by both the MT and IT groups was high and significantly different, 17.0 years and 25.9 years, respectively. All elderly participants reported yearly influenza vaccination in at least the previous 5 years; however, the total number of previous vaccinations could not be reliably confirmed.
The elderly groups did not differ in most of their psychosocial characteristics according to the MNA, GDS-15, and SF36 questionnaires. They presented with adequate nutritional status, and mild suspected depression was detected in only one subject within each group. Assessment of quality of life by the SF-36 showed that all three groups scored good, very good, or excellent in most parameters, except for the physical functioning score, which, as expected, showed a better performance in the MT and IT groups, even though the NT group mean score was still very good. Evaluation of mental status through the MMSE questionnaire showed mean values indicative of an intact status in all three groups, although the MT group's score was significantly higher than that of the NT group. Antibody responses to trivalent influenza vaccination NT elderly showed low titers of anti-influenza strain B antibodies before vaccination (Fig. 1a ). Neither at 6 weeks nor at 6 months post-vaccination was there an increase in these titers. In contrast, both the MT and IT groups showed a significant increase in the antibody titers at 6 weeks (p<0.001, Fig. 1a) . Interestingly, while the antibody titers remained elevated at 6 months in the MT group, in the IT group, they significantly decreased (p<0.001). Thus, by 6 months, the titers in the MT group, but not in the IT group, were significantly higher than the pre-vaccination titers (p<0.05). When we compared the three elderly groups, the trained groups reached higher titers than the NT group. At week 6, both the MT and IT groups had significantly higher titers than the NT group (p < 0.05), while at 6 months, the difference was significant only for the MT group (p<0.5). Interestingly, higher titers were also observed pre-vaccination, although the difference was significant only for the IT group (p<0.05).
NT elderly responses to the H3N2 strain followed a pattern similar to those with the B strain (Fig. 1b) . There was a slight but significant rise (p<0.05) in the titers at week 6, which dropped by 6 months (p<0.05) to lower levels, similar to those at pre-vaccination. The trained groups displayed a much sharper rise in titers from prevaccination to week 6 (p<0.001 for both). By 6 months, the titers in the MT group had dropped to pre-vaccination levels, while in the IT group, the drop was less steep and the antibody titers remained significantly higher than at pre-vaccination (p<0.05). As for the B strain, comparison of the three groups showed significantly higher titers in the trained groups at both post-vaccination time points and a trend for higher titers even before vaccination.
Data for the three groups with the H1N1 strain also showed similar patterns to the previous two strains (Fig. 1c) . Antibody titers rose significantly after vaccination (6 weeks) in the 3 groups (NT and MT, p<0.001; IT, p<0.05), which was followed by a slight but significant drop by 6 months (NT, p<0.01; MT and IT, p<0.05). Antibody titers were higher pre-and postvaccination in the IT group, compared with the NT group (p<0.05). The MT group also exhibited higher titers than the NT group, although this increase was significant only at pre-vaccination and 6 months postvaccination (p<0.05 and p<0.01, respectively).
Of note, there were no significant differences between the MT and IT groups at any time point for all three strains. Thus, both moderate and intense exercise apparently improved, to a similar degree, the influenza vaccination antibody response. To extend further this finding, we analyzed the number of individuals in each group (Goodeve et al. 1983) . Table 2 shows that both the MT and IT groups had higher percentages of seroprotected individuals at 6 weeks and 6 months post-vaccination. Thus, while by week 6 only 33 % of the NT elderly achieved seroprotection for the B strain, over 60 % of the elderly in the trained groups achieved this protection. The percentages of NT seroprotected individuals were higher with the H1N1 (60 %) and H3N2 (66 %) strains, but even higher in the trained groups, especially with the H3N2 strain (83 % in the MT group and 91 % in the IT group). Remarkably, while the percentages of seroprotection decreased slightly or modestly by 6 months, they were still higher in the trained groups, in which 62 to 81 % of the elderly persisted with protective titers against the H1N1 and H3N2 strains; again the B strain elicited weaker responses. However, due to the relatively small sample size, the differences among the groups were not statistically significant (Table 2) . Thus, to increase the power of the statistical analysis, we pooled the two trained groups and compared this pooled group (MT/TI) with the NT group. The MT/TI group showed significantly higher percentages of seroprotected individuals at 6 weeks for the B (p=0.035) and H2N3 (p=0.025) strains and, remarkably, at 6 months with the H1N1 strain (p=0.032) while with the B strain, the difference approached significance (p=0.071). Thus, these data corroborate the finding of enhanced antibody response to influenza vaccination promoted by an exercise lifestyle.
Discussion
Although it has been postulated that regular exercise positively impacts antibody responses to vaccination in the elderly, the reported effects were heterogeneous in both intensity and duration, reflecting their methodological variability. Schuler et al. showed a positive effect at week 1, but not at weeks 2, 4, and 6 post-vaccination, and this effect was observed for only one of the components of the vaccine (Schuler et al. 2003) . Yang et al. observed a positive effect only when data from the three vaccine components were pooled, probably as a consequence of their small sample size (Yang et al. 2007 ). On the other hand, more consistent findings were reported by Woods' A) Influenza B B) H3N2 C) H1N1 Fig. 1 Reciprocal anti-influenza B (a), H3N2 (b), and H1N1 (c) antibody dilution in untrained (white triangle) (n=16), moderately trained (white circle) (n=23), and intensely trained (white square) (n=22) elderly, as determined by the hemagglutination inhibition assay, pre-vaccination and 6 weeks and 6 months post-vaccination. Asterisks indicate significant differences (p<0.05) between the untrained elderly and the moderately and/or intensely trained elderly at the same time point. Plus sign indicates a significant difference between two time-points in the same group; the plus sign on the right indicates a significant difference between 6 months and pre-vaccination group, who showed that the high-fitness group responded with a higher antibody response to 2 of the 3 vaccine components, 6 and 24 weeks post-vaccination (Keylock et al. 2007 ). It should be noted, however, that the highfitness elderly in that study were compared with very low-fitness elderly, selected mostly in the lower 10th percentile of the VO 2 max data for age and being somewhat older than the high-fitness elderly (67.9±1.2 vs. 64.8±1.2 years old). Two additional reports examined the effect on the primary antibody response to immunization with a novel antigen, KLH (Grant et al. 2008; Smith et al. 2004) . One study was interventional (10-month cardiovascular exercise), and the other included endurance-trained elderly. Both studies showed enhancement of IgM and IgG1 but not IgG2 responses, compared with a flexibility exercise intervention group and sedentary elderly group, respectively. Interestingly, in the latter study, there was no correlation between the antibody response enhancement and the fitness improvement evaluated by METs and VO 2 max. In our study, we also could not find such correlation (data not shown).
Although controlled interventional studies have some advantages compared with cross-sectional studies, they also have the disadvantage that they represent unnatural, well-controlled scenarios (Rohrbach et al. 2006) . Thus, aiming to be closer to the natural scenario, we focused our cross-sectional study on healthy elderly who spontaneously and regularly trained either vigorously (for an average of 26±3 years) or moderately (17 ±3 years), and compared them with healthy non-trained elderly. All participants had independent lives and managed their everyday activities without difficulty. Our results showed that sustained regular exercise, performed either at a moderate or a high intensity, enhanced the antibody responses to all three components of the influenza vaccine, resulting in higher percentages of seroprotected individuals at both 6 weeks and 6 months post-vaccination. Only one previous study has evaluated two elderly groups on different exercise intensities (Kohut et al. 2002) and found that the highly active elderly, but not the moderately active elderly, had higher antibody responses to influenza vaccine than the sedentary elderly. Several methodological differences between this study and our study may account for the different results. In the above-referenced study, the level of physical activity was self-reported by a phone interview and referred only to the previous year, and there was no information regarding the number of years the participants had been practicing vigorous or less vigorous (moderate) exercise. Additionally, IgM and IgG ELISA assays that measured total anti-influenza antibody reactivity at only one time point, 2 weeks postimmunization, were used. An interesting finding of our study is that the enhancement effect of exercise was not only observed at the peak response (6 weeks) but also persisted for at least 6 months post-vaccination. This effect seemed to persist for up to a year, as suggested by the trend for higher antibody levels already at prevaccination in the trained groups. In fact, the prevaccination levels correspond to the subsiding antibody titers produced by the previous year's vaccination, and in both trained groups, the decay tended to be less steep. Our three elderly groups clearly differed in their fitness status, whether measured through METs or VO 2 max, confirming their lifestyle history. It has been shown that psychosocial characteristics can also modulate elderly immune responses to influenza vaccine, although mainly the cell-mediated responses, and not the antibody responses, were affected (Kohut et al. 2005) . We thus employed several questionnaires to assess in our groups the psychosocial characteristics that might affect their immunoresponsiveness. Overall, our groups were matched for most characteristics except for those directly influenced by their lifestyles, such as lower BMI in the IT group and lower physical functioning (SF-36) in the NT. Although there were no significant differences in the groups' ages, the IT group was slightly older. However, this difference could potentially have impaired and not favored their higher antibody responses.
This study has limitations. We did not survey the prevalence of flu-like episodes in our elderly. However, the influence of the vaccine on the prevalence of flu-like episodes may be difficult to estimate because of the heterogeneous etiology of these episodes in our setting, with only a small percentage related to influenza virus, even in non-vaccinated populations, <5 % outside the peak season and <25 % at the peak season (Sistema de Vigilância Epidemiológica da Gripe 2012, Brazil). We also did not assess cell-mediated immune responses to the vaccine, which are also affected by aging (McElhaney et al. 2006) . Some of the subjects enrolled in this study participated in a parallel study of the effects of aging on T cells, and in fact, there were several aspects of the biology of these cells that were improved in the trained groups [Silva and de Araújo, manuscript in preparation]; however, the cell-mediated responses to influenza antigens were not examined. Another issue is the size sample. This study allowed us to detect differences among groups, although in a number of instances, there were differences that were close but not significant. A larger sample size could possibly identify more subtle differences among the groups.
In conclusion, we show that either a moderate or an intense training lifestyle leads to stronger and longstanding antibody responses to the influenza vaccine components, resulting in higher percentages of seroprotected individuals.
